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Network description for e-commerce ecosystem
Complex network theory is a new theory that synthesizes the research results of self-organization theory, nonlinear theory and complexity theory in the past. In the complex network theory, it has been discovered that there is a significant relationship between the behavior of agents and their underlying network structures. As the structure and morphology of complex systems, it focuses on the topological characteristics of the system structure. We can put any complex system as a complex network to study. Using complex network to study complex system can enhance the in-depth understanding of system structure. Hence, we propose a network model for e-commerce ecosystem
The network is constituted by nodes and links between nodes (edges). Nodes represent the elements in a complex system, and the edges represent the interaction between system elements. E-commerce ecosystem is a complex network, and its complexity reflects in the following areas:
(1) The system has a huge number of nodes, and its network structure is complex and presents a variety of different characteristics. E-commerce ecosystem contains a number of species and large number of individuals. The relationships among them form a complex structure, such as value chain (food chain) and clustering (community), and even form winner-take-all giant nodes.
(2) There are the generation and disappearance of nodes or edges. The emergence and demise of elements that have the life-cycle characteristic is very common. The relationships among elements are also dynamic changed. From a mathematical point of view, network can be described by set N={V, E} composed with nodes set V={v 1 ,v 2 ,…,v n ,…} and edges set E={e 1 ,e 2 ,…,e n ,…}. According to different research scope, the node and edge represent different meaning. For example, B2B competition network contains only one type of node (business website) which is called 1-mode network, and B2C network normally contains two types of nodes (business website and customer) which is called 2-mode network. However, in e-commerce platform ecosystem network, there could be more types of nodes-the core e-commerce companies, suppliers, customers, financial institutions, certification bodies, payment institutions, logistics companies, etc.
Structural Analysis Model
In order to answer the above three questions, the following outline of the structural analysis process is proposed ( Figure 1 ). First of all, system demarcation must be done to determine the scope of the study. In this step, environment and the e-commerce system will be divided. Secondly, elements including actors and groups will be identified by empirical study. This step tries to answer the question-what parts the system contains? The third step is relationship analysis. In this step, kinds of relationships will be examined carefully. The last step-formation mechanism -will be proposed and mathematic models will be established.
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Figure 1. The outline of the structural analysis process
The outline is expanded to a matrix, as Figure 2 . The column represents four steps of the analysis framework -system demarcation, element identification, relationship analysis and formation mechanism analysis. The row represents the purpose, theory, action, result and method of each step. 
System Demarcation

Action
System demarcation
The first step is a preparatory work for the analysis process. In this step, we must determine the scope of e-commerce system according to the purpose of research. In a normal circumstance, the macroscopic e-commerce system contains almost all the economical and social elements. However, in order to simplify the system, the core-Internet economic elements is extracted to compose the e-commerce system, and the outside is the environment.
The theory of business ecosystem goes beyond the scope of general industry, uses dynamic idea of development, and describes relationships between business and environment. In e-commerce field, obvious symbiotic relationships and clustering phenomenon have appeared, and the organizational elements, structure, and function of e-commerce ecosystem have shown significant ecological features. Therefore, it is probably easier to make an analogy between the concept of ecosystem and e-commerce system. According to the research results of business ecosystem, e-commerce ecosystem is logically divided into three levels-individuals, populations, and communities, as 
Element identification
All elements in ecosystem can be divided into biological ones and abiotic ones. The biological elements could be individuals, populations, communities or groups. The abiotic elements could be value, logistics, information, and finance which are flowing around and connect the biological elements together. Element identification should study features of elements and classify them. For example, homogeneous individuals compose the population, and different individuals compose community. The members of population can be divided into four kinds-leadership population, key population, support population and parasitic population, according to their different roles in the system, as 
Relationship analysis
Social network analysis (SNA) is a quantitative method used to study the relationships among actors and groups in e-commerce ecosystem network.
Degree centrality
The first and simplest one is degree centrality. Degree centrality is defined as the number of links incident upon a node. Degree is often interpreted in terms of the immediate risk of node for catching whatever is flowing through the network. If the network is directed (meaning that ties have direction), we usually define two separate measures of degree centrality, namely in-degree and out-degree.
The absolute value of the degree centrality is defined as follows:
The value of x ij is 0 or 1, which means whether there is relationship between the actor j and i or not. The standardized value is defined as follows:
The definition of centrality can be extended to graphs. The graph G (group degree centrality) is defined as follows:
This formula means a gap between the largest degree centrality and the degree centrality of any other actor in the network. The greater this difference is, the higher the group degree centrality of the entire network is. The extreme is the star network.
Small group
Small group (subgroup or cliques) is a sub-group in which the relationships of the members are particularly close. Small groups can match the factions, which is the overall structure indicators of network. There are two kinds of methods for the calculation of small groups. First, calculate the node degree, and view a group of connected nodes as a small group. Second, nodes that can be achieved in the distance will be viewed as a small group.
Clustering coefficient
The global clustering coefficient is based on triplets of nodes. A triplet consists of three nodes that are connected by either two (open triplet) or three (closed triplet) undirected ties. A triangle consists of three closed triplets, one centered on each of the nodes. The global clustering coefficient is the number of closed triplets (or 3 x triangles) over the total number of triplets (both open and closed). The first attempt to measure it was made by Luce and Perry (1949) . This measure gives an indication of the clustering in the whole network (global), and can be applied to both undirected and directed networks. Formally, it has been defined as:
International 2014) n represents the number of triangles, and N represents the number of connected triples of vertices. Clustering coefficient is a very important index for description of network structure.
Formation mechanism
The above relationship analysis is a transition from static analysis to the dynamic one, and the step provides lots of empirical conclusions and theoretical assumptions for the research on formation mechanism. Formation mechanism could be studied from two aspects-niche model and scale-free network model.
Niche model
In ecology, a niche is a term describing the way of life of a species. Each species is thought to have a separate, unique niche. The ecological niche describes how an organism or population responds to the distribution of resources and competitors (e.g., by growing when resources are abundant, and when predators, parasites and pathogens are scarce) and how it in turn alters those same factors (e.g., limiting access to resources by other organisms, acting as a food source for predators and a consumer of prey). The majority of species exist in a standard ecological niche. A business enterprises niche model for explaining e-commerce market structure based on ecosystem theory is as Figure 5 .
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Figure 5. A business enterprises niche model Scale-free network model
A network with the scale-free property follows the power-law distribution p(k)~k -γ , which means most nodes in the network will have a few links and a few nodes will have a large number of links . Here, the degree k means the number of links of a given node. The latter ones can be named hub nodes. This may result in a high dependency on the hub nodes. The most important exponent γ of the power function represents the characteristic and shape of the network topology. If the exponent γ is small, a few hubs dominate the network. As many empirical studies and numerical simulations of the network evolution have shown, the exponent γ of the node degree frequency distribution of these networks ranges between 2 and 3 (Albert, Jeong & Barabasi, 1999).
The emergence of the power-law degree distribution has been traced back to two mechanisms. First, most networks grow through the addition of new nodes, that link to nodes already present in the system. Second, most real networks exhibit preferential attachment, i.e.. The two ingredients-growth and preferential attachment, inspire the introduction of the scale-free model that leads to a network with a power-law degree distribution. The algorithm of the scale-free model is the following (Luce & Perry , 1949) ( BA (Barabasi-Albert) model):
(1) Growth: Starting with a small number (m 0 ) of nodes, at every time step we add a new node with m(≤m 0 ) edges that link the new node to m different nodes already present in the system.
(2) Preferential attachment: When choosing the nodes to which the new node connects, we assume that the probabilityΠ i that a new node will be connected to node i depends on the degree k i of node i, such that:
Numerical simulations indicate that this network evolves into a scale-invariant state with the probability that a node has k edges following a power-law with an exponent γ= 3. The scaling exponent is independent of m, the only parameter in the model. In our structural analysis model, based on the modification of BA model, a series of new models could be proposed for understanding the formation process of the scale-free network in e-commerce market.
Applications of the Model
The structural analysis model has been applied in our researches on e-commerce, and some results have been achieved. In this section, some of applications of the model will be shown.
An empirical analysis case of static structure
In our structural analysis model, empirical analysis indicates that distributions of some indexes of e-commerce market follow a power-law. For example, one of our papers shows that the exponent γ of B2C e-commerce trading volume distribution is 1.59 which is significantly smaller than 2. It implies that the majority of market share is gathered to a few websites, and the concentration of the network is more obvious than ones generated from BA model.
The data of B2C market trading volume is quoted from the report "2011 Top30 of B2C Online retailers in China" (data source: IRESEARCH) (IRESEARCH, 2011). The data only includes transactions of tangible goods. The fitness curve of the cumulative distribution of the market trading volume is as Figure 6 . 
A case of degree centrality analysis
Degree centrality is defined as the number of links incident upon a node. Degree is often interpreted in terms of the immediate risk of node for catching whatever is flowing through the network. B2C e-commerce market is a 2-mode network which can be transformed into two 1-mode networks by UCINET-user-by-user 1-mode network and website-by-website 1-mode network. In this case, the result of degree centrality analysis implies that only 26 websites in the system have obvious competitive relationships with others. The competitive network of websites is as Figure 7 . From the graph, we can visually observe the competitive structure of business websites and competitive relationships among them.
Figure 7. Competitive relationships among websites
A case of group finding
There are two kinds of methods for small group calculation. First one, calculate the node degree, and view a group of connected nodes as a small group. Second one, nodes that can be achieved in the distance will be viewed as a small group. In this case, we select the most commonly used method-k-core. k-core is a maximal sub graph in which every node is adjacent to k other nodes in the sub graph.
In order to reveal the network structure deeply, we execute k-core analysis. k-core is a maximal sub graph in which every node is adjacent to k other nodes in the sub graph. As Figure 8 shows, there is a 6-core sub graph with 8 nodes which are represented by diamond. Nodes belonging to the 6-core sub graph have to be linked to at least 6 other nodes of the core. Sizes of nodes are set by their degrees. Node 10 which is represented by a down triangle has 5 links to the 6-core sub graph, so it is included in 5-core sub graph. Other nodes which are represented by plus, up triangle and square are same analogize.
Figure 8. k-core analysis of the network
According to k-core analysis, three distinct components of the network can be found. A nucleus consists of highly connected nodes (≈0.25%). In the nucleus, website nodes have strong homogeneity and compete fiercely with each other. A secondary core (≈0.8%) connects to the nucleus via fewer links. Nodes in the secondary core only have competitive relationships with a few nodes in the nucleus. A bulk body (≈99%) consists of remaining nodes of the network. In real market, they represent gap enterprises occupying very narrow markets, and play an important role in maintaining stability and diversity of competition in e-commerce market.
A dynamic analysis case of clustering coefficient
When a simulation of B2B e-commerce network runs, network average degree <k>, maximum node degree k max , average path length L, and clustering coefficient C are calculated by UCINET at time t=50, 200 and 700, as Figure 9 . From the graphs, we can clearly see how the network structure is developing. The value of clustering coefficient becomes smaller and smaller, while other indexes become bigger. 
A modified BA model for B2C e-commerce network
One of our papers proposes a B2C e-commerce network model with alterations of growth and preferential attachment mechanism. In B2C e-commerce market, at any time, some websites are born, while some ones are dying. The mortality rate in e-commerce market is significantly higher than that in traditional market because of special features of Web economic. In our model, at each time interval, one node is deleted in a given probability. The deleted node should be the weakest one in the network. The preferential attachment of BA model is based on the degree of nodes. The more links a node already has, the larger possibility of obtaining new links it has. All nodes are regarded as the same ones, and the differences among them are neglected. Therefore, the old nodes may have more links than latter ones. However, in the real competitive network, especially, in the e-commerce market, the nature and ability of nodes play important roles in attracting users. We improve the preferential attachment mechanism in our model. The simulation program runs with an initial network consisting of 2 website nodes (n 0 =2), 5 user nodes (m 0 =5), and other parameters are p=0.1, q=0.9, n 1 =1, n 2 =2, s=1. At the 4000th step, there are 338 website nodes in the market. The power-law exponent γ of the network in the process is as Figure 11 . From the graph we can see how network structure changes while the network is growing. Lines fluctuate sharply and reach the peak at 1400th time unit (line1) and 1350th time unit (line2), then decrease and stabilize between 1 and 1.5. In real e-commerce market, very few websites emerge in the market at the initial stage and get huge successes. At that time, the rising e-commerce market is small, immature and centralized. Then, a huge number of followers and imitators enter the market and want to occupy a piece of cake. It implies that nodes with a medium and small number of degrees gradually dominate the network. However, the situation can not last long because of the "winners-take-all" principle in Web economic. As the market scale is widening day by day, market resources are limited. For increasing competition and bursting of bubble, many websites collapsed. Market becomes centralized again. In summary, the model reveals a "bubble-stable" evolutionary process which is correspondent with the real e-commerce market evolutionary process observed.
Conclusion
The research field of e-commerce ecosystem network structure is a multi-disciplinary challenge intersected by ecology, marketing, economy, social science and network science. We believe that a systematic and prefect analysis framework will lead to further research that will reveal the hidden mechanism of economic and social system and will also enrich the system science.
In this paper, we establish a new theoretical and methodological model based on ecosystem theory and network science for analysis on e-commerce market structure. The model considers 3 steps for explaining the structure-element identification, relationship analysis and formation mechanism. Then, several suggestive applications based on the analysis model are shown, including an empirical analysis case of static structure, a case of degree centrality analysis, a case of group finding, a dynamic analysis case of clustering coefficient and a modified BA model for B2C e-commerce network. The model is an open framework which should keep being constantly improved in future.
